A simple, rapid and highly sensitive fluorometric method for the determination of pazufloxacin mesilate (PZFX) is described. It is based on the formation of the complex [Tb(PZFX)2] 3+ , which shows the intensive characteristic bands of Tb 3+ . Optimum conditions for the determination were investigated. Under the optimum experimental condition, the fluorescence intensity responds linearly to the PZFX concentration in the range of 2.0 × 10 -8 -5.0 × 10 -6 mol/l with a detection limit of 6.2 × 10 -9 mol/l. The method has been successfully applied to the determination of PZFX in urine and serum samples.
Introduction
Pazufloxacin mesilate (PZFX, (S)-10-(1-aminocyclopropyl)-9-fluoro-3-methyl-7-oxo-2,3-dihydro-7H-pyrido [1,2,3-de] [1,4]-benzoxazine-6-carboxylic acid monomethanesulfonate) is one of the fourth generation members of synthetic quinolone antibacterial agents. PZFX is a new injectable quinolone and shows less photosensitivity than other quinolones, 1 poor inhibitory activity against topoisomerase II from human placenta and high selectivity to bacterial topoisomerase. 2 In addition, PZFX has some protective effect on ABK-induced nephrotoxicity. 3 Therefore, great attention has been paid to its determination in various fluids, including blood and urine. However, the only technique reported for its pharmacokinetic study is RP-HPLC. 4 Fluorescent terbium and europium chelates are characterized by unique spectroscopic properties such as line emission spectra, large Stoke's shift and long-lived fluorescence. [5] [6] [7] These complexes emit characteristic lanthanide ion line emission spectra, when excited at wavelengths absorbed by the organic ligand. This is due to an intramolecular energy transfer through the excited triplet state of the ligand to the emitting level of the lanthanide ion. 8 Several important chemical and biological applications of terbium and europium complexes have already been reported. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] One of the interesting applications is the fluorometric determination of organic molecules capable of transferring their triplet energy to lanthanide ions when they form a complex. These methods are known as lanthanide-sensitized luminescence methods and are applicable to the determination of many aromatic aldehydes and ketones and of a variety of medically important compounds. 19 PZFX forms a complex with trivalent terbium ion; the complex emits fluorescence intensively via intramolecular energy transfer from the ligand to Tb 3+ , giving a characteristic peak at 545 nm. The relative fluorescence intensity of the Tb 3+ -PZFX system is proportional to the amount of PZFX. In this paper, the determination of PZFX in urine and serum has been studied. Up to now, to the best of our knowledge, this method has not been reported.
Experimental

Reagents
All reagents were of analytical reagent grade. Deionized and distilled water was used throughout. A stock standard solution of PZFX (1.0 × 10 -3 mol/l) was prepared by dissolving 41.6 mg PZFX (Institute of Medicinal Biotechnology, Beijing, China) in 5 ml water and diluting to 100 ml with water. A stock solution of TbCl3 (1.0 × 10 -2 mol/l) was prepared by dissolving 186.9 mg Tb4O7 (General Research Institute for Nonferrous Metals, China) in 10 mL HCl (12 mol/l) at 85 -95˚C and evaporating the solution to near dryness before diluting to 100 ml with water; this stock solution was diluted to the desired concentration when used. Buffer solutions of the required pH were made from sodium acetate (NaAc) and acetic acid (HAc).
Apparatus
Fluorescence spectra were recorded with an RF-5301PC spectrofluorometer (Shimadzu, Japan). The pH measurement was made with a 420Aplus pH Meter (Orion Research, Inc., Beverly, USA).
Procedure
Solutions were added to a 10-ml calibrated tube in the following order: PZFX, Tb 3+ and 2.5 ml NaAc-HAc buffer solution. The mixture was diluted to 10 ml with water, and then the fluorescence spectrum was recorded at room temperature. The excitation and emission slits were set at 10 nm and 12 nm, respectively. The relative fluorescence intensity ∆I (the difference between the fluorescence intensity of PZFX solution and that of the blank solution without PZFX) is proportional to the concentration of PZFX.
Urine and serum sample preparation
No further pretreatment except proper dilution was required for urine samples. Each 1.0 ml serum sample was deproteinized by adding 5.0 ml 20% trichloroacetic acid (CCl3COOH) in a centrifuge tube. This mixture was then centrifuged for 15 min at 4000 r/min. The centrifugate was diluted with water in order to obtain a concentration of PZFX in the range of linearity previously determined.
Results and Discussion
Fluorescence spectra
The fluorescence spectra of PZFX and Tb
3+
-PZFX are shown in Fig. 1 -PZFX complex has formed and the intramolecular energy transfer occurred from PZFX to Tb 3+ , followed by 5 D4 emission of Tb 3+ . We used the molar ratio method 20 to determine the composition of the Tb 3+ -PZFX. As shown in Fig. 2 , the molar ratio of Tb 3+ to PZFX is 1:2. In other words, the complex forms in the mode of [Tb(PZFX)2] 3+ . The proposed structure of the complex is shown as Fig. 3 .
In order to avoid direct excitation of Tb(III), 21 the disturbance of the scattered excitation light and the inner filtering effect, 22 we selected 330 nm (lower excitation band) rather than 251 nm as the excitation wavelength (λex). The most intense band located at 545 nm is the 5 D4→ 7 F5 transition, so 545 nm was selected for the emission wavelength (λem). The results show that the broad emission band of PZFX decreases, while the narrower emission band of Tb 3+ appears after Tb 3+ was added to PZFX. The emission intensity of Tb 3+ is also larger than that of uncomplexed PZFX. Therefore, it is feasible to determine PZFX by the lanthanide-sensitized luminescence method.
Optimization of experimental variables
The pH of the fluorescence system has a very great influence on the fluorescence intensity. Figure 4 shows that the fluorescence intensity remains constant over the pH range 6.00 -6.80. The intensity increases with pH increasing when pH < 6.00 because the increase of -COO -of PZFX enhances the formation of the Tb 3+ -PZFX complex, which further facilitates the dissociation of the carboxylic proton. This complex is theoretically more favorable at pH > 8.50, but the intensity decreases owing to the precipitation of terbium hydroxide. 23 NaAc-HAc buffer solution (pH = 6.30) was selected for the measurement.
Another important parameter influencing the fluorescence intensity is the Tb 3+ concentration. The intensity is enhanced with increase of the Tb 3+ concentration. This trend indicates that the excess Tb 3+ makes the coordination equilibrium shift to the formation of the complex and that the efficiency of the energy transfer is enhanced when the PZFX molecules are involved in the coordination. The intensity remains constant when the C(Tb 3+ )/C(PZFX) ratio is over 800 (Fig. 5) . Hence, 8.0 × 10 -4 mol/l of Tb 3+ was selected for the subsequent work.
Interference studies
In order to assess the possible analytical applications of the method, the effects of some organic compounds and ions were investigated. The tolerable concentration ratios for interference at the 5% level were over 500 for Na + and K + , over 200 for Ca and Fe 3+ in the determination of 1.0 × 10 -6 mol/l PZFX. Some organic species, such as vitamin B1, hemoglobin, myoglobin and β-alanine, interfere with the fluorescence signal. In the urine samples, the concentrations of these species are very low, so proper dilution could be considered to reduce the interference and other pretreatments are not needed. In the serum samples, the concentrations of these species are much higher than those in urine, so trichloroacetic acid (CCl3COOH) should be used to deproteinize the samples before the determination in order to minimize the interference.
Analytical characteristics
The calibration curve for PZFX is presented in Fig. 6 . Under optimum conditions described above, the linear range of the calibration graph is 2.0 × 10 -8 -5.0 × 10 -6 mol/l. The regression equation is ∆I = 2.503 × 10 6 C + 0.517 (r = 0.9996). The detection limit for PZFX calculated from the standard deviation of the blank (the reagent blank without PZFX, n = 20) (3σ) 24 is 6.2 × 10 -9 mol/l. The relative standard deviation (RSD) is 1.9% for 11 repeated determinations of 5.0 × 10 -7 mol/l PZFX.
Analytical applications
The proposed method was applied to determination of PZFX in urine and serum by the standard addition method. 25 The data are summarized in Tables 1 and 2 . The recoveries of PZFX in urine and serum are 97.6 -104.7% and 97.4 -105.0%, respectively.
Conclusion
The results obtained in this work show clearly the advantages of the lanthanide-sensitized luminescence method: high sensitivity, good reproducibility, anti-interference and simple manipulation. A simple, high sensitivity, high accuracy and high selectivity method for determination of PZFX is established. Table 2 Recovery of PZFX in serum Added/µmol l -1 Found/µmol l -1 Recovery ± RSD, % (n = 5)
